Abbreviation list
Acetonitrile ACN Adenosine 2':3'-cyclic monophosphate A>P Adenosine 2'-monophosphate A2'P Adenosine 2'& 3'-monophosphate mixture A2'3'P Adenosine 3'-monophosphate A3'P Adenosine 5'-monophosphate A5'P Adenosine pyrophosphate AppA Aminoacetonitrile AAN 2-Aminopropionitrile 2-APN 3-Aminopropionitrile 3-APN 6-carboxyfluorescein FAM Cytidine 3'-monophosphate C3'P Glycine Gly Glycylglycine GlyGly Guanosine 2' & 3'-monophosphate mixture G2'3'P Triethylamine TEA 3.3 General procedure for the reaction with the nitriles 4, 5, 6, 7, 10 and 11 (see Table 1 and Scheme 1 for details) A3'P (50 mM) and the desired nitrile were dissolved in water, and the pH of the solution was adjusted to the desired value with HCl (1 M) or NaOH (1 M) solutions. In parallel, a solution of CuCl 2 (25 mM) was prepared by adjusting the pH to the same value of the A3'P solution. The two solutions were then mixed together and incubated at 40 °C for 20 hours. The reaction was analysed by NMR spectroscopy, after copper removal.
Synthesis and isolation of cyanogen
To a 3-necked round-bottomed flask containing a solution of CuCl 2 2H 2 O (50.0 mmol, 8.53 g) in H 2 O (9
• mL) and a stirrer bar was connected an N 2 inlet (used as a carrier gas), a small dropping funnel and a gas outlet. The gases flowing through the outlet were sparged through an aqueous solution (25 mL) of Ag(NO 3 ) (25.0 mmol, 4.25 g) with 2 drops of 2 M nitric acid added, then passed through a drying column containing CaCl 2 and finally through a -78 C trap. The effluent gases were scrubbed through a sodium hydroxide/bleach solution. In parallel, NaCN (1.04 equiv, 51.8 mmol, 2.54 g) was dissolved in the minimum volume of H 2 O (ca. 5 mL). The resulting solution was charged to the dropping funnel and allowed to drop into the stirred copper solution at a rate such that the addition took ca. 45 min. The reaction was mildly exothermic, with evolution of gas (the rate of cyanide addition was slowed if the reaction became too aggressive/warm). At the end of the cyanide addition, sufficient cyanogen (colourless solid in the final trap) was deemed to have been collected. Hence, the remaining cyanogen dissolved in the copper and in the Ag(NO 3 ) solutions was sparged directly through the bleach solution (although this could have been collected if desired). The trap was stoppered with a new septum and an empty balloon attached via a needle. The flask was removed from the acetone/CO 2 (s) bath and HPLC grade ACN (1.24 g, 1.57 mL) added and the cyanogen dissolved in it. The flask was placed in an ice/water bath. A small flask was stoppered with a new septum and pre-weighed, then an empty balloon was attached via needle. The cyanogen solution was syringed into the small flask, balloon removed and weighed. It was determined that cyanogen (1.92 mmol, 100 mg, 8 %) had been recovered which gave a solution of ca. 1.2 M cyanogen in ACN.
3.5 General procedure for the reaction with cyanogen (see Table 1 and Scheme 1 for details) A3'P (12.5 mM or 50 mM) and the desired amount of Gly and CuCl 2 (if any) were dissolved in water, and the pH of the solution was adjusted the desired value with HCl (1 M) or NaOH (1 M) solutions. A solution of cyanogen in ACN (1.2 M, 50 ul) was then added. The mixture was kept at room temperature for 1 or 20 hours. The reaction was analysed by NMR spectroscopy, after copper removal (if needed).
3.6 Formation of AppA from the reaction of A5'P with cyanamide-Cu 2+ A5'P (50 mM) and CuCl 2 (25 mM) were dissolved in water, and the pH of the solution was adjusted to 5.5 with HCl (1 M) or NaOH (1 M) solutions. Cyanamide (100 mM) was added, and the mixture was incubated at 40 °C for 20 hours. The reaction was analysed by NMR spectroscopy, after copper removal. °C over the weekend and then analysed by ESI-MS, after copper removal. Since AAN couldn't be detected under these conditions, AAN was derivatised as follows. After the activation reaction and copper removal, an aliquot of the resulting solution was lyophilized and then resuspended in THF (containing 1 equiv of TEA relative to AAN). Acetyl chloride (2 equiv relative to AAN) and TEA (1 equiv) were then added and the mixture was kept at room temperature for 2 hours. The reaction was analysed by ESI-MS, after dilution with water.
3.8 General procedure to study oligonucleotides hydrolysis Hydrolysis buffers (see Table S5 for details): a stock solution of CuCl 2 (20 mM) was pre-mixed with the desired amount of either Gly (200 mM) or GlyGly (200 mM) and then diluted with H 2 O and the appropriate buffer (0.5 M sodium acetate pH 5 or 0.5 M HEPES pH 7). The pH of the solutions was then adjusted to the desired value by addition of HCl/NaOH solutions. Precipitation of Cu(OH) 2 was observed at pH 7 only in the absence of the Gly/GlyGly ligands. Degradation experiment: 5 μL of each hydrolysis buffer was independently mixed with 5 μL of a FAM10nt oligonucleotide 40 μM solution (final concentrations halved compared to the original solutions). The reactions were kept at 60 °C for 48 h and their progress was monitored after 23 and 48h. Aliquots of 1 μL were taken at the appropriate time, diluted with 9 μL of loading buffer (95 % (v/v) formamide, 5 % (v/v) glycerol, 50 mM EDTA, 0.5 mg/ml Orange G) and analysed by gel electrophoresis. Table S1 . Yield % of A>P following reaction of A3'P with cyanamide in the presence of different transition metal ions. Standard reaction conditions: A3'P (50 mM), cyanamide (100 mM) and metal salt (50 mM) in water, at 40 °C for 20 hours, initial pH 5.5. Table S7 . 
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